Objective: This study aims to compare the use of halo-gravity traction (HGT) with and without previous anterior release, in terms of curve reduction, for the treatment of pediatric severe spinal deformity. Methods: From 2010 to 2016, all patients treated with HGT prior to instrumentation for scoliosis and kyphoscoliosis were reviewed. They were assessed by deformity etiology, previous anterior release, instrumentation procedure used, traction protocol, major Cobb angle before traction, after the protocol, and after the instrumentation procedure. Twelve patients met these criteria and constituted the sample groups: Group I (n=7) with anterior release and Group II (n=5) 
RESUMO

Objetivo: O presente estudo tem como objectivo comparar a utilização de tracção halo-gravitacional (THG)
1 Besides being technically difficult, acute correction of a rigid curve increases the risk of neurologic injury and pseudoarthrosis. 2 Spine surgeons have been trying to find a method to achieve a more gradual reduction of the curve prior to definitive fusion. These methods include temporary internal distraction, anterior release, halo-femoral traction, and halo-gravity traction (HGT). Pre-operative HGT has been shown to allow a gradual curve reduction with continuous neurological monitoring (patient awake) and a low rate of related complications. Some authors report that HGT can even improve preoperative nutritional status and pulmonary function. 3 It has also been reported that anterior release with disc excision only slightly increased spinal flexibility. 4 However, the use of HGT without previous anterior or posterior release, as well as the optimal traction protocol, is still in dispute. 2, 3 The purpose of the present study is to compare the use of HGT with and without previous anterior release, in terms of curve reduction.
METHODS
Data
From 2010 to 2016, all patients treated with HGT prior to instrumentation for scoliosis and kyphoscoliosis at a single Pediatric Hospital were reviewed.
Only proximal thoracic, main thoracic, or severe thoracolumbar (>90 degrees) spinal deformities were included. Patients with missing radiographic data (standing anteroposterior radiograph pre--HGT at the completion of traction and after final surgical correction) or clinical data were excluded.
Data were retrospectively collected from clinical records and evaluated by one of the authors, who was not involved in the patients' treatment. They were assessed by age, gender, etiology of the deformity, previous anterior release and instrumentation procedure. We also assessed patients' weight, maximum traction weight and time, major curve Cobb angle before traction, after completion of traction, and after the instrumentation procedure. The daily clinical evaluations to monitor neurological or halo-related complications were also assessed.
Each Cobb measurement is the average of three individual measurements.
Twelve patients met these criteria and constituted the sample groups: Group I (n=7) with anterior release and Group II (n=5) without anterior release.
Database management ensured patient anonymity and confidentiality, and fully complied with the Caldicott principles. As this is a retrospective study, it was not submitted to the Ethics Committee, and there was no informed consent form.
Surgical treatment protocol
Group I: Halo-gravitational protocol with anterior release
The patients were submitted to the anterior thoracic or thoracophrenic approach by lumbotomy and discectomies (3-4 levels) at the curve apex and halo placement. Six to eight pins were placed perpendicular to the skull and tightened using a torque wrench. Traction started immediately, with a low amount of weight (usually 2.5 kg).
de la THG, lo que representa una reducción de la curva del 17,3% (19,8 o A daily increment of 0.5 kg was expected, depending on patients' tolerance. Upright overhead traction via a traction bale attached to a wheelchair was used as soon as the patients were able to stand. Dysphagia and neck pain were an indication to stop increasing the traction weight, while neurological signs were an indication to decrease the traction weight. The nursing care of these patients included daily alcoholic cleaning of the pins.
Group II: Halo-gravitational protocol without anterior release
As described for the protocol with anterior release, all patients were taken to the theatre for the halo placement and the traction was started immediately with a low amount of weight. The daily weight increases; ambulation and serial radiographs were as described above.
For both group of patients, an on traction scoliogram was taken after the instrumentation procedure.
Statistical analysis
Patient demographics, pre-traction Cobb angle and traction protocol (time and maximum traction weight) were compared between treatment groups to ensure comparability. Fisher's exact test was used to evaluate differences between proportions. Once the normality assumptions were met, the unpaired Student's t-test was performed to evaluate differences between means and Mann-Whitney U test to evaluate differences between medians.
All tests were conducted in 95% confidence interval, with statistical significance adjusted to a p value of 0.05 or below. All analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY).
RESULTS
A total of 12 patients were included in the analysis, 7 underwent anterior release previous to HGT and 5 did not. The average age at the time of HGT was 13.8 years. Ten patients were female and 2 male. The diagnoses in Group I were 4 cases of idiopathic scoliosis and 3 of syndromic kyphoscoliosis/scoliosis; in Group II, there were 2 cases of idiopathic scoliosis, 2 syndromic and 1 thoracogenic ( Table 1) .
The duration of traction time before surgery range from 26 to 48 days, and averaged at 35.3 days. The average of the maximum traction weight applied was 40.5% of the body weight (ranging from 30.3 to 51.3%) ( Table 2) .
Regarding the previous variables, no significant difference was found between Group I and II (P>0.05) ( Table 3) .
Radiograph measurements
The average pre-traction major curve Cobb angle was 114.9 o and 108.4º for Groups I and II respectively (P>0.05). After HGT, both groups suffered a significant major curve reduction (P<0.05).
The 
Complications
No major HGT related complications were reported during the treatment of these patients.
One patient underwent halo revision to achieve better positioning. In three patients, the weight increments had to be delayed due to dysphagia (1) and neck pain (2) . The symptoms were then reverted and the protocol resumed without further complications. We report an overall complication rate of 33.3%.
DISCUSSION
HGT is a time-tested orthopedic technique that is useful for obtaining correction prior to operative treatment, as well as for delaying the early onset of deformities. 6, 7, 3, 8, 9 As severe pediatric spinal deformities remain a challenge, different combinations of techniques are still being tested. The combination of anterior disc release with HGT is believed to increase spinal flexibility and therefore improve correction following posterior surgery. 10 However, the real effect of anterior release in spinal flexibility, particularly in achieving a better curve correction, is still controversial. 4 Among the severe spinal deformities, HGT alone appears to be an effective and less invasive technique that is well-tolerated and with a low rate of major complications. 3 Therefore many recent studies have attempted to evaluate the correction attributable to HGT alone. 2, 3, 7 To the best of our knowledge, there are no reports on the comparison between HGT alone and its combination with anterior release for the treatment of idiopathic and syndromic severe scoliosis.
Using a standardized traction protocol allowed us to compare patients with and without previous release. No significant differences were found regarding the final major coronal curve correction (46.9% versus 43.7%). However, the reduction achieved after the traction protocol, though without statistical significance (P=0.073), was higher in the group of patients without release, 28. to early ambulation in the group without release. On the other hand, the average Cobb angle before HGT was slightly higher in the Group I. This can be associated with more rigid curves, and therefore, a slightly poorer response to the HGT. As mentioned in previous studies, finding the correct protocol in terms of time and traction weight is still a challenge. 2 We used an average traction weight of 40.5% of the body weight for 35.3 days. A recent meta-analysis reported that traction weight in several studies can range from 30% to 50% of the body weight, from 2 to 12 weeks. 3, 9 Though more evidence is still needed, most of the correction can be expected to occur in the first 2 to 4 weeks. 2, 11, 3 Length and traction weight still depend on various factors, such as patient tolerance and gradual curve correction.
HGT has a reported rate of complications of around 22%, most of them non-severe or transitory. 2, 3 The most common complication is related to the pins, such as loosening or infection.
Neurological complications are much rarer, even when compared with other traction techniques such as halo-femoral or halo-pelvic traction. 2 In our cohort, only minor complications occurred, and these were all completely resolved without affecting the traction protocol or the final outcome.
CONCLUSION
Anterior disc release prior to HGT does not increase major curve correction after posterior surgery for severe pediatric idiopathic and syndromic scoliosis. HGT is an effective and safe technique, though it frequently presents minor and transitory complications. Optimization of the HGT protocol is important, to achieve the best pre-operative correction while reducing the rate of complications.
